Previous studies have found that feature selectivity such as orientation and spatial frequency 10 predominantly involves cortical mechanisms, and decades of research have identified the presence 11 of orientation and spatial frequency-specific channels in the cortical region. Prolonged exposure 12 to stimuli will generate an adapting aftereffect, thus reducing the neural sensitivity of those 13 channels. Based on that notion, this research aims to identify whether the visual system encodes 14 orientation variance independent of spatial frequency. Two experiments were conducted to assess 15 the outcome of the study. In experiment 1, subjects viewed the stimuli with both eyes, and in 16 experiment 2, stimuli were presented to one eye and viewed from the same or the contralateral eye. 17
Furthermore, an unresolvable grating can produce an aftereffect in the participant in which 94 demonstrates the involvement of low-level visual areas, possibly V1. This cortical involvement in 95 detecting a frequency level depends on not only the signal strength and the contrast; but, also the 96 level of SF. He & MacLeod (2001) found an aftereffect from the gratings that exceeded the 97 resolution limit; still could activate cortical neurons than responding to subthreshold gratings 98 (below the low-frequency limit). 99
As SF-variance-adaptation studies provide evidence when adapted to a grating contrast, 100 will increase the threshold for detecting similar frequencies, adapting to different orientations 101 variances provide similar aftereffects in the visual system. 102 103
SF and Orientation Variance 104 105
Early studies by Hubel & Wiesel (1959) identified differences between retinal ganglion 106 cells and cortical cells receptive fields. The V1 consists of cells that activated for specific stimulus 107 features such as orientation, and the direction of movement. Simple-cells and complex-cells in the 108 cortex responded to the orientation of the bars, which showed the presence of orientation-specific 109 neurons (Hubel & Wiesel, 1974) . The role of cortical neurons in perception was identified by using 110 selective-adaptation techniques (Mollon, 1974) . When neurons responded to a particular stimulus 111 can either increase or decrease the responses to grating stimuli, indicates a parallel-model-157
interconnection between simple and complex-cells (DeValois & Tootell, 1983) . 158
Orientation variance was used in instantaneously discriminating different textures to 159 identify surface irregularities in region or edge based stimuli (Landy & Bergen, 1991; Nothdurft, 160 1985; Wolfson & Landy, 1998) . Configural effects, high orientation variance, and oblique-effect 161 (Furmanski & Engel, 2000) are significant for texture segregation (Wolfson & Landy, 1995) , 162 which can occur concurrently with parallel visual search (Wolfe, 1992) . When the mean 163 orientation differed amongst abutting textures, the discrimination performance was better than 164 when they were separated (Wolfson & Landy, 1998) . Further studies by Norman et al. (2015) 165 identified the orientation variance as a specific mechanism that is independent of local orientation. 166
This was in line with Morgan, Chubb, & Solomon (2008) work, where they demonstrated a 167 dedicated mechanism that processed orientation variance to reduced sensory noise (dipper-168 function). At below threshold (just-noticeable-difference -J ND), the variance estimation 169 mechanism suppresses the perception of individual orientation variances (stimuli looks less 170 irregular). However, at the above threshold, the mechanism does not suppress making the image 171 looks varied. This mechanism regulates texture perception to allow higher visual areas to make 172 sense of the input. 173
Adaptation to statistical properties such as texture (Durgin, 2001) and size are 174 independently encoded by the visual system where Corbett, Wurnitsch, Schwartz, & Whitney 175 (2012) found during the adaptation phase, when subjects were adapted to one size of dots, the 176 mean-sizes in the test-phase looked either larger or smaller than the adapted side. This differential-177 aftereffect was in line with the notion of Morgan et al. (2008) , and further studies by Ariely (2001) 178 supports this view in terms of mean-discrimination and object-identification. Furthermore, this 179 differential aftereffect in identifying regularity was previously found to be unidirectional (Ouhnana, 180 Bell, Solomon, & Kingdom, 2013) ; however, later found that the orientation variance aftereffect 181 as bidirectional . If the adaptation aftereffect was due to multiple-channels, and these channels are finely 192 tuned to adapt to specific SFs and orientations variances, it would be interesting to know whether 193 the neurones and the receptive fields only respond to the inputs from a single eye or there is an 194 interocular transfer-effect. If the adaptation stimulus is viewed from one eye and then the test 195 stimulus is viewed from the contralateral eye, and if an adaptation-aftereffect is present, this will 196 indicate the involvement of cortical areas beyond V1. 197 Physiological studies Enroth-Cugell & Robson, 1966; 198 Graham, 1972; Pantle & Sekuler, 1968) suggest that the locus of this adaptation as V1 and the 199 magnitude of interocular transfer was either 60% , or 100% 200 (Nishida, Ashida, & Sato, 1994) . Nevertheless, the percentage of transfer depends on the stimulus-201 parameters and the condition measured. To identify the locus of adaptation, Blake & Fox (1972) 202 did a pressure-blinding study by blocking the information transfer from the retina. Results 203 suggested that locus of transfer can only occur at an early stage of the binocular binding, which is 204 in V1 (Mansouri, Hess, Allen, & Dakin, 2005) . Similarly, the study by Krauskopf & Riggs (1959) 205 suggested the neural-adaptation happens beyond the retinal level, where the binocular convergence 206 occurs. A contrast-specific-adaptation and the interocular-transfer studies have found similar 207 results, where the adaptation specific neurones are located beyond the retina, at the cortical level 208 Schor & Heckmann, 1989) . 209
Previous studies have found a differential transfer-effect based on the SF used (low, high). 210
When the SF was low, there was a low dichoptic adaptation (Baker & Meese, 2012; Falconbridge, 211 presentations, where the stimuli (both adaptation and the test) were presented to the left eye, and 220 dichoptic ones, where the adaptation stimuli were presented to the left eye and test from the right 221 eye. Thus, in experiment-1, it was hypothesised that if the SF of the adaptors is different from the 222 test-stimuli and adaptation nevertheless still occurs, it can be assumed that the orientation variance 223 is independently encoded of SF. Whereas, if adaptation is only effective when the SF of the test-224 stimuli is the same as that of the adaptors, it can be assumed that the orientation variance and SF 225 are at least partially jointly encoded. In the experiment-2, it was hypothesised that a larger effect 226 in monocular condition, compared to the interocular, will imply the involvement of visual areas 227 beyond V1. There were three within-subjects factors: orientation variance (low, high), adaptation-SF 245 (low, high), test-SF (low, high), in this study, with two categorical levels in each factor. The Thus, this study meets the minimum requirements for a three-way repeated-measures analysis of 248 variance (ANOVA). 249
Each subject participated in two testing sessions: low-variance, and high-variance, which 250 were conducted on two separate days. Each session comprised of four conditions (adaptation-SF 251 (low)---test-SF (low); adaptation-SF (low)---test-SF (high); adaptation-SF (high)---test-SF (low); 252 adaptation-SF (high)---test-SF (high)) with a total of eight-conditions (see_table-1). The tests took 253 place in blocks of 12-minutes per condition. In between conditions, the participants received 254 breaks if they needed. 255 Both adaptation and test stimuli were presented on a ViewSonic G90fB-Graphics Series 260 17-inch (1024x768 pixels) CRT colour display monitor at 60Hz. Participants used a chin-rest to 261 rest their heads, and the monitor was positioned at 47-cm (viewing distance) from the chin-rest. 262
The stimuli were presented on a light-grey background at 50-cdm -2 . It was controlled by the 263 Cambridge Research Systems (Kent, United Kingdom) with 100Hz refresh rate VSG2/5 graphics 264 system. Participant's responses were collected by using RB540-Cedrus response pad. whereas the other appeared to the right. Each texture was separated by 3.05 o . The Gabor patches 273 for adaptation and the test-phases had an SF of either 1.40-cpd (low-SF), or 3.42-cpd (high-SF). 274
The orientation variance (mean (µ) and standard deviation (σ)) for each texture were determined 275 from a Gaussian distribution. It consists of low-variance (σ = 5 ), medium-variance (σ = 1 2) and 276 high-variance (σ = 2 6) levels (seefigure1). 
288
The left-texture (adapting) is of a low-variance, and the right-texture is of a medium-variance. 
315
and after each response, there were 10-flashes in each trial. During the adaptation phase, the adaptation 316 side displayed either low-or-high variance, and the opposite side was of a medium-variance. During the 317 test phase, the patch that was adapted to change to medium-variance, and the opposite patch was 318 determined by the staircase based on the participant's response.
320
The variance adaptation side and the SF (either low-or-high) were predetermined by the 321 experimenter at the beginning of each trial. In the test phase, the patch that was adapted to turned 322 to be medium-variance, and the opposite patch was determined by the staircase. Each texture 323 orientation started anew in each session. After the adaptation phase, a low pause tone was 324 presented for 0.5-seconds followed by the test phase for 1.3-seconds. Once the test phase 325 disappeared, participants were instructed to select which of the two textures (from the test 326 stimulus) appeared as high-variance by selecting either left-or-right response buttons. 327
There were four randomly-interleaved staircases in each trial. Two started above (+5) the 328 point of objective equality (POE=12) and two from below (−5) (high-variance at σ = 17, and low-329 variance staircases at σ = 7 retrospectively) with 10-reversals each, with total of 40-reversals. 330
Criteria of reversals were based on the response of the participants. 331
Each trial was randomly presented with a one-up, one-down (magnitude of-1 o ) staircase 332 method in which the texture variance was automatically adjusted. The goal was to identify the 333 point of subjective equality (PSE), in which both textures appeared indistinguishable. As the study 334 progressed, the staircases converged at PSE. 335
RESULTS 336
Calculation of the results was first done by including all subjects (to increase the statistical 337 power), and then by removing the subjects who displayed poor fits to the psychometric function, 338 and outliers. Same statistical analysis was conducted on just those subjects that fit the criteria. 339 
363
Eight threshold values were recorded per participant, which were arranged according to the 364 three factors: orientation variance, test-SF, and the adaptation-SF (how far the graph has moved to 365 the left or right). Slope-values represent how sensitive the participants were to the changes in the 366 variance. Each psychometric curve is essentially defined by its slope (tilt). p-values and the SD-367 values represent how well the psychometric curve fits the data. If p-value (from Palamedes 368 goodness of fit analysis) is less than .05 (the data set is only accounted for maybe better than 5% 369 of the randomly generated datasets), it is not a good fit, which is a criterion for rejection. SD-error 370 represents how much variance comes from the data. Figure- 
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A three-way repeated-measures ANOVA was conducted to measure whether there is an 392 interaction between orientation variance and the SF conditions. Three outliers were indicated in 393 the boxplot (figure-3). They were included in this analysis as the results will be recalculated 394 without the outliers in the next section. Shapiro-Wilk test of normality for condition-1: W(12)=.874, p =.074; condition-2: 401 W(12)=.974, p =.946; condition-3: W(12)=.890, p =.118; condition-4: W(12)=.964, p =.843; 402 condition-5: W(12)=.951, p =.659; condition-6: W(12)=.970, p =.909; condition-7: W(12)=. 898 shows an adaptation-variance-aftereffect. The interaction between the three variables were not 410 statistically significant, F(1, 11)=.789, p =.394. Figure- 
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Sensitivity 446
The slope-values indicate the sensitivity of the participants to the changes in the variance. 447 
452
The mean-scores indicate that the participants were better at discriminating high-SF 453 variance (M =3.24) than low-SF variance (M =2.12). The test for within-subjects effects showed 454 a significant main effect for test-SF, F(1, 11)=10.56, p =.008 indicating that the participants were 455 better at discriminating SF-variance. Figure- 
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Results Excluding the Outliers and Non-Fitting Data 463
Next, the results were analysed by excluding the subjects whose data showed a poor fit of 464 the psychometric curve (p <.05). Seven subjects were excluded from the analysis. One subject 465 from the remaining five was an outlier with extreme values, which was subjected to removal. The 466
final sample consists of four subjects that fit the criteria. Table-5 high]) repeated measures ANOVA revealed a significant main effect for orientation variance, F (1, 487 3) = 15.24, p = .030 with a high mean score for low-variance (M = 14.02) than high-variance (M 488 = 9.87). This shows an orientation variance aftereffect similar to all participants. The interaction 489 between the three variables was not significant, F(1, 3) = .052, p = .834 similar to the previous 490 analysis. Results showed no changes to the aftereffect regardless of the number of participants. 491 520 521
Sensitivity 522
Unlike with all participants, the test for within-subjects effects showed no significant 523 results. Mean-scores indicated that participants showered no preference in discriminating SF 524 conditions (low or high). 
Interim Discussion 532
Experiment-1 showed that selective-adaptation to orientation variance (with randomised 533 mean orientations) would induce an aftereffect; however, it is not affected by the SF. Experiment-534 2 will include monocular and interocular conditions. A high effect in monocular than interocular 535 will suggest that the perceptual mechanisms that this effect measure is restricted to lower-visual 536 areas. 537 EXPERIMENT-2 538 5. METHOD 539
Participants. 540
A total of 2-participants (two-males) between the ages of 20-30 years (Mage =28.50, 541 SD =2.121) recruited from Durham university department of Psychology, took part in the study. 542
Study Design. 543
There were three within-subjects factors; ocular-condition (monocular, interocular), 544 adaptation-SF (low, high), and test-SF (low, high), with two categorical levels in each variable. 545
The DV was similar to the experiment-1. Thus, this study meets the minimum requirement for 546 three-way repeated-measures ANOVA. 547
Each subject participated in two testing sessions, one for monocular-condition, and the 548 other for interocular-condition on two separate days. The variance adaptation in both sessions 549 maintained at low-level (σ = 5 ). Each session consisted of the same four conditions as in the 550 experiment-1 (Table-7) . 551 To measure the SF condition (adaptation and test phases), same equipment and the stimuli 556 were used as in experiment-1. To measure the ocular-condition, shutter goggles Translucent 557
Technologies Inc. Plato model-P1 was used. All the other stimulus parameters were the same as 558 in the experiment-1. Instead of using the Cedrus pad, participant's responses were collected by 559 using a standard keyboard (F-key was for left response and the J-key for right response). 560
The interocular-condition was tested by adapting to the left eye (stimuli were presented to 561 the left eye while the right eye vision was blocked), and test from the right eye (while the left eye 562 vision was blocked). The monocular-condition, on the contrary was tested by presenting both 563 adapting and test phases to the left eye (while the right eye vision was blocked). However, before 564 the test phase (in monocular-condition), the shutter came in for a brief period. Because the 565 interocular-condition involved a definite change in terms of perception, and to make it equivalent 566 to the other condition, such a mechanism was used in the monocular-condition as well. 567
The number of stimuli flashes and the time-span for adaptation and test phases were similar 568 as in the experiment-1. The experimenter predetermined the ocular-condition, adaptation-SF, and 569 the test-SF at the beginning of each trial.
RESULTS 571
Palamedes toolbox in MATLAB was used to measure the psychometric function via 572 maximum likelihood estimation for both participants. Table-8 represents ocular-conditions, and  573 figure-10 represents the psychometric curves of one participant. 574 
589
For both participants, the analysis focused on the three variables for all eight conditions. 590 three-way repeated-measures ANOVA revealed no-significant interaction between variables, F(1, 604 1)=.003, p =.968. The mean scores for the monocular condition were higher (M =13.32) than the 605 interocular-condition (M =12.92), which indicates the adaptation variance effect diminished when 606 it was transferred from one eye to the other, and the involvement of lower-visual areas. 607
Multiple paired samples t-tests revealed the PSE for condition-1 was 1.5 o higher 608 (M =13.21) than POE, t(2)=2.086, p =.172; for condition-2 was .7 o higher (M =12.55) than POE, 609 t(2)=3.235, p =.083; for condition-3 was 2.68 o higher (M =14.02) than POE, t(2)=.930, p =.450; 610 for condition-4 was 1.8 o higher (M =13.495) than POE, t(2)=9.645, p =.010; for condition-5 611 was .2 o higher (M =12.205) than POE, t(2)=2.733, p =.111; for condition-6 was 1 o higher 612 (M =12.865) than POE, t(2)=1.679, p =.235; for condition-7 was 1 o higher (M =12.825) than 613 POE, t(2)=1.853, p =.204; for condition-8 was 2. This study aimed to identify the mechanisms in cortical channels sensitive to orientation 649 variance, and whether those mechanisms are SF specific. In an attempt to identify this notion, two 650 experiments were conducted. Experiment-1 hypothesised that the orientation variance is 651 independently encoded from SF, or they are partially jointly encoded. Experiment-2 hypothesised 652 that a higher mean effect in the monocular condition would imply the involvement of the cortical 653 areas beyond V1. Four randomly interleaved staircase methods were used to minimize 654 overestimating threshold, and reduce expectancy in both experiments. 655
For the analysis of results in experiment-1, first included all 12 subjects (to increase the 656 statistical power). Then, they excluded the subjects based on the exclusion criteria. The same 657 analysis was conducted on just those four remaining subjects that fit the criteria. The mean 658 threshold values indicated the position of the Palamedes-x-axis, which was the measure of the 659 variance aftereffect. Results from experiment-1 showed no significant interaction between the 660 three variables regardless of the number of participants. This indicates that the perception of 661 orientation variance and the SF are independently coded in the visual system, and there is no single 662 conjoint channel that encodes that information. Thus, it supports the hypothesis which states, SF 663 and orientation variance are independently coded. This is in line with previous electrophysiological 664 orientation variance (low, high) conditions. The repeated measure ANOVA indicated no-695 significant interactions between the monocular and interocular conditions. 696
In terms of sensitivity, the results showed only the adaptation-SF as significant. This 697 indicates, when the participant adapts to low-variance compared to high-variance, the perception 698 of the variance of the test-patch was different. By adapting to low-variance on the left, the 699 perception of the variance in the test patch on that position was high relative to when it was to 700 high-variance of adaptation. The results from multiple t-tests were all above objective equality. 701
This was because the participants were only tested on a low-variance adapter. The effect of SF on 702 ocular-condition has previously been studied, where observers showed a low dichoptic effect for 703 low-SF condition (Falconbridge et al., 2010) , and high dichoptic effect for high-SF condition 704 (Baker & Meese, 2012) . 705
As the brain consists of low-level visual areas (Felleman & Van Essen, 1991; Mather, 706 Radford, & West, 1992), there are neurones and some receptive fields only respond to one 707 particular eye by receiving input only from one eye. If the adaptation-stimulus is viewed from only 708 one eye, and test-stimulus is seen from the same eye, then there is no part of the visual system 709 where the information pass to the opposite eye (monocular). However, if there is an interocular-710 transfer-effect (adaptation-aftereffect), then the stimulus condition has transferred from one eye to 711 another. This phenomenon indicates that the level of the effect was more at a higher-level in the 712 visual-system than those of monocular neurones . 713
Mean-values (experiment-2) of both participants showed a slight reduction in the 714 interocular-condition compared to the monocular-condition. This indicates that the adaptation-715 variance-effect diminished during the transfer from one eye to the other, and the perceptual-716 mechanisms that this effect measure is restricted to lower-visual areas. Thus, the results support 717 the hypothesis. With PSE above 12, it is possible for effect (reduction) of the ocular-condition 718 when transferred between the eyes (interocular). This indicates that the variance-adaptation 719 aftereffect is not entirely determined by the low-level visual cortex (striate-cortex for instance) and 720 should be beyond V1. This can be further supported by the study conducted by Mansouri, Hess, 721
Allen, & Dakin (2005), where the binocular integration found to occur after processing texture 722 boundaries (Solomon & Morgan, 1999 ) between V1-layer-4C, and V2-layer-4. Furthermore, 723 results from experiment-2 are consistent with the studies conducted with Patient-MS, who suffers 724 from cerebral-Achromatopsia. With damage to mid-ventral visual areas, but with intact-low-visual areas (Heywood, Cowey, & Newcombe, 1994 ) patient displayed an orientation variance aftereffect, 726 further supporting the involvement of the lower-level visual system . 727
Moreover, further studies have identified that the variance-adaptation-aftereffect is retinotopically-728 specific, with visuotopic-mapping relying on a retinotopic-reference-frame (Gardner, Merriam, 729 Movshon, & Heeger, 2008), whereas the areas beyond V1 involve in binocular-integration (Forte, 730 Peirce, & Lennie, 2002; Mansouri et al., 2005) . 731 732
CONCLUSION 733
In conclusion, results from both experiments indicated that SF is independent of the 734 orientation aftereffect. The perception of variance is independent of the perception of SF. The two 735 experiments were conducted to approach the same question with different methods. High effect in 736 monocular-condition implies perceptual-mechanisms in lower-visual areas, and low-effect in 737 interocular-transfer shows the cortical involvement beyond V1. As for a limitation, both 738 experiments used arbitrary levels of low-and-high-SF, to get different effects from one another in 739 order to get two separate SF-channels. Future studies should be conducted by using two-levels of 740 SF-channels, which are equally discriminable in terms of variance (still across different channels, 741 but equally discriminable). Because results from this study found subjects could do the task more 742 quickly when they were confronted with high-SF than the low-SF. Perhaps it is due to some noise 743 in the data. In order to overcome the noise, it is crucial to use different-SF-values. This is to 744 minimise any unwanted-condition-effects. 745
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